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SUMMARY 


The influence of control deflections on the rotational flow 
aerodynamics and on predicted spin modes is discussed for a 1/6-scale 
general aviation airplane model. The model was tested for various control 
settings at both zero and ten degree sideslip angles. Data were measured, 
using a rotary balance, over an angle-of-attack range of 20° to 90°, 
and for clockwise and counter-clockwise rotations covering an Qb/2V range 
of 0 to 0.5. 

With pro— spin controls, a steep spin is predicted for this airplane 
that agrees reasonably well with preliminary free-spinning model results. 
However the predicted spin mode was somewhat steeper than the preliminary 
unpublished flight test spin results. This difference is most likely due 
to the effect of Reynolds number on the dynamic stalling characteristics 
of a rotating wing. High Reynolds number rotary balance tests are needed 
to quantify this effect. 

The basic model, as tested, indicated that the airplane would be 
damped in yaw but would generally exhibit propelling rolling moments. 
The rudder effectiveness began to diminish above 40° angle of attack 
and was ineffective above 60° angle of attack. The ailerons were 
effective in roll up to 80 angle of attack and produced adverse yaw 
only at angles of attack above 50°. 

INTRODUCTION 

The NASA Langley Research Center is conducting a broad general 



aviation stall/spin research program^ which includes spin-tunnel and 
free-f light radio-control model tests « as well as full-scale flight tests 
for a number of configurations typical of light, general aviation 
airplanes. As a part of this effort, rotary balance tests were conducted 
in the Langley Spin Tunnel to establish a rotational flow aerodynamic 
base for analysis of model and full-scale flight results. 

Rotary balance data were obtained for a representative, 
single— engine , general aviation model, referred to as model D. The test 
results were divided into three areas, each of which is discussed in a 
separate report. Reference 1 discusses the influence of each airplane 
component, as well as body length and wing location, on the rotational 
aerodynamic characteristics. Reference 2 presents the effect of 
horizontal tail location in the presence of each of two wing locations 
and two body lengths. The aerodynamic effectiveness of the controls and 
their influence on predicted spin modes are discussed herein for the 
same configuration used for full-scale and free— spinning model tests. The 
appendices in the above references contain the data measured during the 
subject studies. 


SYMBOLS 

The units for physical quantities used herein are presented in U.S. 
Customary Units. 

b 


c 


wing span, ft 

mean aerodynamic chord, in. 




q free-stream dynamic pressure, Ib/ft* 

S wing area, ft* 

V free-stream velocity, ft/sec 

a angle of attack, deg 

P angle of sideslip, deg 

aileron deflection, positive when right aileron is down 

(6 -8 )/2, deg 

right left 

horizontal tail deflection, positive when trailing 
edge is down, deg 

rudder deflection, positive when trailing edge is to the 
left, deg 

0 angular velocity about spin axis, rad/sec 

Qb/2V spin coefficient, positive for clockwise spin 

Abbreviations: 

eg center of gravity 

SR spin radios 
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TEST EQUIPMENT 


A rotary balance measures the forces and moments acting on a model 
while it is subjected to rotational flow conditions. Historical 
background for this testing technique is discussed in reference 3. A 
photograph and sketch of the rotary balance apparatus installed in the 
Langley Spin Tunnel are shown in figures 1 and 2 , respectively. The 
system's rotary arm, which rotates about a vertical axis at the tunnel 
center, is supported by a horizontal boom and is driven by a motor 
mounted external to the test section. 

A NASA six-component strain gauge balance, affixed to the bottom of 
the rotary balance apparatus and mounted inside the model, is used to 
measure the normal, lateral, and longitudinal forces, and the yawing, 
rolling, and pitching moments acting about the model body axis. Controls 
located outside of the tunnel are used to activate motors on the rotary 
rig, which position the model to the desired attitude. The 
angle-of-attack range of the rig is 0^ to 90^, and the sideslip angle 
range is +15^. Spin radius and lateral displacement motors are used 
to position the moment center of the balance on, or at a specific 
distance from, the spin axis. (This is done for each combination of angle 
of attack and sideslip angle.) It is customary to mount the balance to 
the model such that its moment center is at the location about which the 
aerodynamic moments are desired. Electrical currents from the balance and 
to the motors on the rig are conducted through slip rings. Figure 2 
shows how the rig is positioned in angle of attack and sideslip. 

The system is capable of rotating up to 90 rpm in either direction. 
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A range of Qb/2V values can be obtained by adjusting rotational speed 
and/or tunnel air flow velocity. (Static aerodynamic forces and moments 
are obtained when Q=0.) 

The data acQ^uisition^ reduction, and presentation system is composed 
of a 12-channel scanner/voltmeter, a mini-computer with internal printer, 
a plotter, and a CRT display. This equipment permits data to be 
presented via on-line digital print-outs and/or graphical plots. 

TEST PROCEDURES 

Rotary aerodynamic data are obtained in two steps. First, the 
inertial forces and moments (tares) acting on the model at different 
attitudes and rotational speeds must be determined. Ideally, these 
inertial terms would be obtained by rotating the model in a vacuum, thus 
eliminating all aerodynamic forces and moments. As a practical approach, 
this is approximated closely by enclosing the model in a sealed spherical 
structure, which rotates with the model without touching it, such that 
the air immediately surrounding the model is rotated with it. As the rig 
is rotated at the desired attitude and rate, the inertial forces and 
moments generated by the model are measured and stored on magnetic tape 
for later use. 

The second stop is to record force and moment data with the air on 
and with the enclosure removed. The tares, measured in step one, are 
then subtracted from these data, leaving only the aerodynamic forces and 
moments, which are converted to coefficient form and stored on magnetic 
tape . 
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MODEL 


A 1/6-scale model, representing a single-engine general aviation 
airplane, was constructed from foam/ fiberglass and aluminum. A 
three-view drawing of the model is shown in figure 3. Dimensional 
characteristics of the model are given in Table I. A photograph of the 
model installed on the rotary balance in the Langley Spin Tunnel is 
presented in figure 1. 


TEST CONDITIONS 

The tests were conducted in the spin tunnel at a tunnel velocity of 
25 ft/sec, which corresponds to a Reynolds number of 128,000 based on the 
model mean aerodynamic chord. All the configurations were tested through 
an angle-of-attack range of 20^ to 90°, at 0° and 10° sideslip 
angles and with the spin axis through the full-scale airplane eg. At each 
spin attitude, measurements were obtained for nominal Qb/2V values of 0.1, 
0.2, 0.3, 0.4, and 0.5, in both clockwise and counter clockwise 
directions, as well as for Qb/2V=0 (static value). 

DATA PRESENTATION 

The data measured for this study are presented in the Appendix. 
Table II identifies the configurations tested and their corresponding 
appendix figure numbers. The body-axis aerodynamic coefficients, plotted 
as functions of 0b/2V, are presented in comparison format with data from 
selected configurations plotted on the same figure to demonstrate the 


6 



effect of varying configuration parameters (e.g., sideslip angle or 
control deflections). Plots for each of the aerodynamic coefficients are 
presented in six sequentially numbered figures in the following order: 
C^» Cj, C^, Cjj, Cy, C^, Each figure, in turn, consists of 
ten pages, which present the subject coefficient plots at each of the 
following angles of attack: 20**, 25°, 30°, 35°, 40°, 50°, 

60°, 70°, 80°, and 90°. 

DISCUSSION 

Rotary balance moment data indicate the behavior of the airplane with 
rotation and thus the possibility of departure and spinning motions. For 
a clockwise rotation^ a positive rolling or yawing moment is propellings 
because it will increase the rotation rate« whereas a negative moment 
will decrease it and is« therefore « a damping moment* Conversely^ for a 
counter-clockwise rotation, negative moments are propelling and positive 
ones damping. 

Rotation produces inertial moments about each axis that are 
functions of the rotation rate squared, as well as the orientation of the 
airplane. For steady spins to occur, the aerodynamic moments must 
balance the inertial moments about all three axes. Steady spins may, 
therefore, be predicted from rotary balance data by identifying the 
rotation rate, angle of attack, and sideslip angle that result in such an 
equilibrium. Reference 3 presents a discussion of a method for 
identifying steady spin modes from rotary balance data. 



Basie Airplane Characteristics with Nentral Controls 

The aerodynamic data with nentral controls are presented in figures 
A1 through A6 at -10*^, 0^, and -<-10° sideslip angles. For the 
tested angle-of-attack range, the airplane exhibits damped yawing moments 
(figure Al) . Damped yawing moments will generally prohibit spins at 
moderately flat to flat angles of attack. The rolling moment 
coefficients for this configuration are generally propelling over a 
significant Qb/2V range at all tested angles of attack (figure A2), 
except near 30°. These propelling rolling moments were shown in 
reference 1 to be caused by the wing. Most airplanes exhibit propelling 
rolling moments above approximately 80° angle of attack, but these are 
not significant because here the yawing moment is the primary spin 
driving element about the velocity vector. At lower angles of attack, 
however, propelling rolling moments provide the mechanism for incipient 
spin motions, as well as the driving element for attaining spins. 

Despite the propelling moments for this configuration, however, no 
steep or moderately steep spins are predicted with neutral controls, as 
shown in Table III. This is because the yawing and/or pitching moment 
equilibrium equations cannot be satisfied at the same spin parameter 
values required by the rolling moment equation. 

The pitching moment (figure A3)becomes increasingly more nose-down 
with increasing angle of attack throughout the tested angle-of-attack 
range and generally also becomes more nose-down non-linearly with 
rotation. Such pitching moment characteristics imply that increasingly 
higher rotation rates are required for pitch equilibrium as angle of 
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attack increases. 


The influence of sideslip angle on the rotational aerodynamics is 
evident in figures A1 through A6. Positive sideslip produces a positive 
incremental yawing moment, and negative sideslip produces a negative 
increment at all tested angles of attack, although the increments are 
small for angles of attack below 40®. For angles of attack up to 80® 
the increment due to sideslip is fairly symmetrical for positive and 
negative sideslip angles, especially at the lower 0b/2V magnitudes, and 
its variation with rotation is generally insignificant. Above 80® angle 
of attack, however, the non-linear characteristic of the yawing moment 
coefficient vs Qb/2V curves produces uns 3 nnmetrical yawing moment 
increments for positive and negative sideslip angles. 

Whereas the pitching moment vs Qb/2V curves are basically 
symmetrical for clockwise and counter-clockwise rotations at zero 
sideslip angle, non-zero sideslips skew the curves. As a result, a 
nose-up increment is usually produced for negative sideslip angles at 
clockwise rotations, as well as for positive sideslips at 
counter-clockwise rotations. For this airplane, however, the combination 
of a positive sideslip at clockwise rotations or a negative sideslip at 
counter-clockwise rotations does not produce any significant change in 
the pitching moment. 


Smdder : 


Effect of Control Deflections 


The effect of rudder deflection is shown in figure A7 through A18. 



At zero sideslip angle, the rudder introduces an incremental yawing moment 
coefficient that is virtually invarient with rotation rate for angles of 
attack between 20® and 50® (figure A7). The rudder effectiveness 
remains fairly constant through 40®angle of attack and then decreases 
above 40®, such that above 60® angle of attack the rudder is 
ineffective. The rudder does not influence the rolling moment 
coefficient at any angle of attack (figure A8) . 

As shown in Table III, an extremely steep spin equilibrium is 
predicted with neutral stick when the rudder is deflected with the spin. 
Obviously, the positive (propelling) yawing moment increment produced by 
the rudder is responsible for the predicted spin, since no spin was 
predicted with neutral controls. 

The incremental yawing moment available for spin recovery is evident 
in figure A7 . In the angle-of-attack range where it is effective, 
reversing the rudder produces a significant damping yawing moment 
increment and, as with neutral controls, no spin modes are predicted with 
the rodder deflected against the rotation. 

Pro-Spin Controls: 

Table III shows that the predicted spin mode for pro-spin controls 
(aft stick and rudder deflected with the spin) is less steep than that 
predicted for rudder alone. The data for pro-spin controls is presented 
in figures A19 through A30. The elevator deflection does not influence 
the yawing or rolling moments (compare figures A19 and A20 with A7 and 
A8, respectively). The aft stick elevator deflection does provide a 
nose— up incremental pitching moment coefficient for angles of attack 
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below 40^, but is ineffective for higher angles of attack (compare 
figure A21 with A9). (It is not known whether forward stick is 
effective above 40^ angle of attack, because this control setting was 
not tested.) By producing a less nose-down pitching moment in the 
predicted spin angle-of-attack region, the aft stick elevator alters the 
Qb/2V vs angle of attack relationship required for equilibrium of the 
inertial and aerodynamic pitching moment terms, as shown in figure 4. As 
a result, the predicted spin is slightly flatter and slower than with 
rudder alone. 

Ai 1 e rons : 

The effect of aileron deflection on the rotational aerodynamic data 
is presented in figures A19 through A30 for right pro-spin controls. The 
ailerons produce significant incremental rolling moments up to 80° 
angle of attack, but are ineffective above 80° (figure A20) . 

The rolling moment coefficient vs Qb/2V plots, at zero sideslip 
angle, generally have an elongated recumbent S-shape for this airplane. 
Aileron deflection, consequently, displaces the rolling moment 
coefficient corves perpendicularly along the vertical axis and also tends 
to displace the reflex points of the corves laterally as a function of 
the deflection. The lateral displacement is most evident at 50° angle 
of attack (figure A20f). Because of this characteristic, the incremental 
change in rolling moment coefficient due to aileron deflection can vary 
significantly with both the sign and magnitude of the control deflection 
and with Qb/2V, at the lower Qb/2V magnitudes where the curves reflex. 
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At larger Qb/2V magnitudes, however, the incremental rolling moments due 
to aileron are fairly constant with rotation and symmetrical for positive 
and negative aileron deflections. 

At 10 sideslip angle (figure A26), the rolli:ag moment curves do 
not exhibit the pronounced reflex characteristic observed at zero sideslip 
(except at 20 angle of attack). Therefore, the incremental rolling 
moment due to aileron deflection at sideslip is, generally, more nearly 
constant with rotation and symmetrical for positive and negative 
ailerons , 

Aileron deflection has no significant influence on yawing moment 
coefficient for angles of attack below 50^ (figure A19) , At 60^ 
angle of attack and above, however, they produce adverse yaw, which 
increases with increasing angle of attack. The yawing moment increments 
produced by the ailerons at these higher angles of attack do not vary 
significantly with rotation rate. 

Because the ailerons are effective in roll over the predicted angle— 
of-attack range, deflecting the ailerons alters the predicted spin mode 
(Table III), The predicted spin is steeper when the ailerons are 

deflected with the spin (right stick for a right spin), and flatter when 
they are deflected against the spin. These changes arise solely from the 
shifts in the aerodynamic rolling moment due to aileron deflection. The 
rolling moment shift produces a substantial change in the sideslip angle 
required to provide equilibrium of the aerodynamic and inertial rolling 
moments. The changes in sideslip, in turn, affect the pitch and yaw 
equilibriums, thereby altering the spin modes. 
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Correlation of Predicted and Experinental Spins 

The angles of attack of the predicted spins correlate reasonably 
well with the preliminary spin tunnel results for this airplane^ as 
shown in Table IV. The controls used during flight test spins differed 
from those tested on the model in that the full-scale airplane vus spun 
with an elevator trim tab deflected. Subsequent unpublished wind 
tunnel results indicated that the tab, as expected, produced a pitching 
moment increment. To compare the predicted spin modes with the flight 
test spins, the incremental pitching moment due to the tab was added to 
the rotational pitching moments measured during these tests. As shown in 
Table V, with neutral ailerons and pro-spin elevator and rudder, a spin 
mode was predicted at 36^ angle of. attack and 3.5 seconds/turn. The 
preliminary unpublished flight test results for the same controls, showed 
a spin at 44^ and 2.8 seconds/turn. 

While both the predicted and flight test results are of similar type 
(i.e., one is not flat and the other steep), the flight test spin is 
slightly flatter and faster than the predicted. The flight test results, 
further, show that aileron deflection produces insignificant variations 
in the developed spin modes, whereas the model tests indicate a definite 
variation of the spin parameters with aileron deflection (Table V). What 
is not indicated in Table V is that, with ailerons deflected, the moments 
are close to equilibrium over a significant angle-of-attack range (25^ 
to approximately 40°). 



This is demonstrated in figure 5, which presents the inertial and 
aerodynamic yawing moment terms plotted as functions of angle of attack 
for ailerons neutral* against* and with the spin. Both the inertial and 
aerodynamic values shown in figure 5 are evaluated at the rotation rates 
and sideslip angles required for equilibrium of the pitching and rolling 
moments. Therefore* wherever the two yawing moment terms are equal* all 
three moments are in equilibrium* as required for a steady-state spin. 
(Reference 3 presents a detailed discussion of the method for generating 
such plots.) 

With neutral ailerons (figure 5a), the inertial and aerodynamic yaw- 
ing moment plots cross at approximately 36^ angle of attack and then 
diverge. With both ailerons against and with the spin (figure 5b and 
5c), however* the two curves remain close together for a 10^ to 15° 
angle-of-attack range. 

Because the yawing moment terms in these plots are evaluated at the 
Qb/2V and sideslip values required for equilibrium of the other two 
moments* all three moments are close to equilibrium beginning at 25° and 
continuing for 10° to 15° for ailerons against and with* respectively. 
Therefore* a small change in any of the aerodynamic moments could produce 
a significant change in the predicted spin mode. 

The difference between model and preliminary flight^^test results for 
this airplane are most likely due to the difference in Reynolds number 
between the full-scale tests and the sub-scale ^.neral aviation model 
test. While the effects of Reynolds number on rotational aerodynamics has 
not yet been identified* static high and low Reynolds number testing of 
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another general aviation configuration (reference 4 ) revealed Reynolds 
number primarily affects the wing's contribution to the aerodynamics in 
the stall and immediate post-stall angle-of-attack region^ as seen in 
figure 6. Significant differences in the normal and axial force 
coefficients are observed for the configurations in reference 4 beginning 
at the low Reynolds number stall angle of attack at 10^ and continuing 
through approximately 35^. Since these differences are a direct result 
of Reynolds number induced changes on the stall angle of attack and stall 
characteristics^ the aerodynamic effects of devices designed to influence 
the airplane's stall (such as wing leading-edge droops, etc.) can be 
particularly sensitive to Re}aiolds number. 

These Reynolds number effects would also be expected to influence the 
rotational rolling and yawing moment contributions of the wing. This 
occurs because the angle of attack varies along a rotating wing, 
increasing from root to tip along the inboard (downgoing) wing and 
decreasing along the outboard one. Rolling and yawing moments are thus 
generated by differences in the normal and axial forces, respectively, 
between the inboard and outboard wings produced by these angle of attack 
differences. Therefore, Reynolds number effects can alter the rotational 
rolling and yawing moments whenever at least one wing plane is operating 
in the low Reynolds number post-stall angle-of-attack region, which is 
generally most of the steeper spin angle-of-attack range. Such Reynolds 
number effects on rolling moment are significant because rolling moment 
is the primary driver for steep spins and is, generally, produced entirely 
by the wing. The upper limit of the angle-of-attack range where Reynolds 
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number effects influence the spin modes depends on the wing 
geometry and on the spin rotation rate, because both determine how much 
of the outboard wing is operating where Reynolds number effects are 
significant. At higher angles of attack, in the more moderate to flat 
spin regions, little or none of the wing is operating in the angle-of- 
attack range where Reynolds number effects are significant and little 
change would be expected in the wing's aerodynamic contributions. 

For the general aviation model D, the outboard panels of each wing 
are tapered and twisted in an effort to prevent the wing tips from 
stalling before the inboard portions of the wing. It was anticipated 
that these outboard wing panels' aerodynamic influence would be sensitive 
to Reynolds number, thus accounting for the observed differences in spin 
modes. Because the Reynolds number effect on the wing's aerodynamic 
contribution is the suspected source of the observed spin mode 
differences, data in this anglc-of-attack region should be used with 
caution. Investigations into these effects are currently underway at the 
NASA Langley Research Center. 


CONCLUDING REMARKS 

The following observations pertaining to the flight-test 
configuration of general aviation model D are based on the analysis 
presented herein. Analysis of the predicted spin modes showed: 

o With pro-spin controls, steep spin modes are predicted that 
agree reasonably well with preliminary free— spinning model 
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results. The predicted spins without an elevator trim tab 
were steepest when the ailerons were deflected with the spin 
and became flatter for ailerons neutral and against the spin, 
o No spin modes were predicted for neutral or recovery controls 
(rudder against the spin and stick neutral). 

0 The predicted spin modes were steeper and slower than the 
flight-test results. These differences most likely arise from 
the influence of Reynolds number on the dynamic stalling 
characteristics of the rotating wing for this configuration 
and serve to illustrate the possible difficulties of low 
Reynolds number rotary balance testing for some general 
aviation configurations in this angle-of-attack region. 

High Reynolds number rotary balance tests are needed to 
quantify this effect. 

Examination of the rotary aerodynamic data showed: 

o The basic T-tailed model D, considered in this report, 
exhibited damped yawing moments, 
o The model, however, had propelling rolling moments at all 
tested angles of attack, except near 30^. 
o The rudder produced incremental yawing moments throughout the 
lower tested angle-of-attack range, but its effectiveness 
began to diminish above 40° angle of attack and it was 
ineffective above d0° angle of attack. 

0 The aft-stick elevator produced nose-up pitching moment 
increments only up to 40° angle of attack. 



0 The ailerons produced substantial incremental rolling moments 
up to 80^ angle of attack and some adverse yaw for angles of 
attack above SO**. At zero sideslip angle, the ailerons dis- 
placed the non-linear character of the vs Qb/2V cnrves 
laterally along the 0b/2V axis such that significant 
variations in the incremental rolling moment coefficient doe 
to aileron resulted. At high Qb/2V values, where the corves 
are more linear, no such variations were observed. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS 


Overall length, ft 4.675 

Wing : 

Span, ft 5.91 

Area, ft^ 4.825 

Root chord, in 10.5 

Tip chord, in 7.03 

Mean aerodynamic chord, in 9.64 

Leading edge of c, distance rearward of 

leading edge of root chord, in. 2.14 

Aspect ratio 7.24 

Taper ratio 0.67 

Dihedral, deg 7 

Incidence: 

Root, deg 2.0 

Tip, deg -1.0 

Airfoil Section: 

Root NASA 652415 

Tip NASA 652415 mod 

Horizontal tail 

Span, ft 1.67 

Area, ft^ 0.696 

Aspect ratio 4.0 

Airfoil section NACA 0012 

Vertical tail 

Area, ft^ 0.328 

Sweep at leading edge 33.9 

Aspect ratio 1.47 

Airfoil section NASA 63A012 





TABLE II.- CONFIGURATIONS TESTED AND FIGURE INDEX 


(All configurations tested through a = 20° to 90°) 


FIGURE NO. 



A19-A24 


A25-A30 



Effect of sideslip, neutral control 


Rudder effectiveness, 6=0 


Rudder effectiveness, 6=+10 


-26 Effect of Ailerons, pro-spin 

I controls, 6=0° 


-26 I Effect of Ailerons, pro-spin 
I I j T rt in/\0 


controls, 6=+10 























3783 slug-ft^ 


PREDICTED SPIN MODES 



SPIN EQUILIBRIUM 


a 

sec 

fib 

V Descent 

deg 

turn 

2V 

ft/sec 


NO 

SPIN 


23 

2.1 

0.28 

191 

29 

2.8 

0.23 

175 

23 

2.2 

0.24 

205 

37 

2.9 

0.26 

151 


Weight= 2338 lbs 


cg= 26.3%c 









TABLE IV.- COMPARISON OF PREDICTED SPIN MODES AND SPIN TUNNEL RESULTS 

(6jj= -10° and 6^= -26° FOR ALL CASES) 



I = 1770 slug-ft^ 
Iy= 2471 slug-ft^ 
1 ^= 3783 slug-ft^ 



10 “ = 


-77 


Y Z 

— X 10“= -144 

mb 2 


X 10“= 221 

mb^ 


Weight = 2338 lbs 
cg= 26.3%c 


to 




ro 


TABLE V.- COMPARISON OF PREDICTED SPIN MODES AND FLIGHT TEST RESULTS 

(5jj= -10° and -26° FOR ALL CASES) 


Aileron 

Deflection 

Pre 

a 

deg 

dieted Sp 
sec 
turn 

in Mode 
nb 
2V 

s* 

^D 

ft/sec 

OL 

Flight 

sec 

turn 

Test 

fib 

2V 

^D 

ft/sec 

With 

25 

3.3 

0.17 

197 

43 

2.7 

0.34 

120 

Neutral 

36 

3.5 

0.21 

152 

44 

2.8 

0.33 

120 

Against 

25 

3.0 

0.19 

194 

43 

3.0 

0.31 

120 


* 

C^ corrected to include elevator trim tab effect. 


I = 1770 slug-ft^ 
Iy= 2471 slug-ft=^ 
Ig= 3783 siug-ft^ 


Weight= 2338 lbs 
cg= 28%c 















liijisi 






liiliii 




Iliipi 




A Slip ring housing 
B Drive shaft 
C Support boom 
D Spin radius offset 
potentiometer 
E Counterweight 
F Strut 

G Angle of attack 
j positioning motor 



(a) Side view of model. 


Figure 2.- Sketch of rotary balance apparatus. 
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A Slip ring housing 
B Spin radius offset 
potentiometer 
C Lateral offset 
drive gears 
D Lateral offset 


potentiometer 
E Strut 



(b) Front view of model. 


Figure 2.- Concluded. 
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APPENDIX 





(a) a = 20 deg. 


Figure A 1 Effect of rotation rate and sideslip angle on yawing-moment coefficient 
for the basic configuration with neutral controls. 





(b) a = 25 deg. 


Figure A 1 Continued. 
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Figure A 1 Continued. 



(d) a = 35 deg. 


Figure A 1 Continued. 
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Figure A 1 Continued. 
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Figure A 1 Continued 






(g) a = 60 deg. 


Figure A 1 Continued, 
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Figure A 1 Continued. 
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Figure A 1 Concluded, 



(a) a = 20 deg. 

Figure A 2 Effect of rotation rate and sideslip angle on rolling-moment coefficient 
for the basic configuration with neutral controls. 
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(b) o = 25 deg. 


Figure A 2 Continued. 
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Figure A 2 Continued. 
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Figure A 2 Continued. 
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(e) a = 40 deg. 


Figure A 2 Continued. 




























































(g) a = 60 deg. 


Figure A 2 Continued. 

















(i) a == 80 deg. 


Figure A 2 Continued. 














( j ) a = 90 deg. 


Figure A 2 Concluded. 





(a) a = 20 deg. 


Figure A 3 Effect of rotation rate and sideslip angle on pitching-moment coefficient 
for the basic configuration with neutral controls. 
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Figure A3.- Continued. 
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Figure A3.- Continued. 
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Figure A3,- Continued. 




Figure A3.- Continued. 












|s::s:8:sss:ssassBss8SB»R8S8SBss 

'|8S888888888888888888888888888K888 

IB8888888888888888888888 


liiiiBBBBB 


___ 88888 
B8 88888 


bbbbbbbbbbbbbbbbbbbI 

IbSSbSbb"-————^ 


«■ 8 :» 8 L 

Iiii88888888888888 
!Sm 8 mS 88888888 


■■■■■■■■■a 

IBBBBBBBBBB 
IBBBBBBBBBB 
BBBBBBB ~ ' 
IBBBBBBB 
tBBBBBBB 
IBBBBBBB 
liiiBBB 


m 

n 


BBBBBBBBBBB 

BBBBBBBBBBB 

aBBBBBBBBBBi 

BBBBBBBBBBBI 

BBBBBBB 

BBBBBBB 
BBBBBBBi 

8888888 i» 


8888888a8Kg5gg 8Sg88Saa8ggg^ 

8888888Hggg ggggBgggg888888888ggggagaggggaga9 


^88888888888 

8888888B888 

■■■■■■■■■■■a 

188888888 

^BB 8 

JBBL 

H 


8888S 

gggaggggggga8g8agsa8g8a8aggggggggi 


50 deg. 


Figure A3,— Continued 







(h) a = 70 deg. 


Figure A 3 •” Continued. 




(i) a = 80 deg. 


Figure A3.- Continued. 
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Figure A3.- Concluded. 
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(b) o = 25 dog. 

Figure A 4 Continued. 





(c) a = 30 deg. 

Figure A 4 Continued. 
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Figure A 4 •- Continued 







Figure A 4 Continued. 

















Figure A 4 Continued 
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(i) a = 80 deg. 


Figure A 4 Continued. 



(j ) a = 90 deg. 


Figure A 4 Concluded. 


















(a) a = 20 deg. 


Figure AS.- Effect of rotation rate and sideslip angle on side-force coefficient 
for the basic configuration with neutral controls. 

















(b) a = 25 deg. 

Figure A 5 Continued, 








































Figure A 5 Continued 






































































(e) a = 40 deg. 

Figure A 5 Continued, 































































Figure A 5 Continued. 








(g) a = 60 deg. 


Figure A 5 Continued 






































































Figure A 5 •- Continued. 










(i) a = 80 deg. 


Figure A 5 Continued. 
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(a) a = 20 deg. 

Figure A 6 Effect of rotation rate and sideslip angle on axial-force coefficient 
for the basic configuration with neutral controls. 















Figure A 6 Continued 











(c) a = 30 deg. 


Figure A 6 Continued. 

























































Figure A 6 Continued 













(f) a = 50 deg. 


Figure A 6 Continued. 































(g) a = 60 deg. 


Figure A 6 Continued. 



















(h) a = 70 deg. 


Figure A 6 Continued, 
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Figure A 6 Continued 


















( j ) a = 90 deg . 

Figure A 6 Concluded. 






























20 deg. 


Effect of rotation rate and rtidder deflection on yawing’^oment coefficient 
for the basic configuration with neutral elevator and ailerons 
at zero sideslip angle. 
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(b) a = 25 deg. 


Figure A 7 Continued 










Figure A 7 Continued. 




(d) a = 35 deg. 


Figure A 7 Continued. 




(e) a = 40 deg. 


Figure A 7 Continued. 
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(f) a = 50 deg. 


Figure A 7 Continued. 
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Figure A 7 Continued 











(h) o = 70 deg. 


Figure A 7 Continued. 




iMBM animB:g8B!aaagaai8!gatiKamHmnBiiiHmwiiMij«H»»wii flaaasiagH 8ggg 
BaaaaaaaaaaBa!ak'aaaaaiii^jwaM«>)>taBaaaBaaaa888r 


| ^Baa^ ^B BaaaaaBB BBB■aBB^BBaB^aBaaBBBB^^BBB^aaa■Bl 

laaBBaBBBBBBBBVaBBHBBBBBBBBBBBBaiBBBBBBBBaMBBI 

BBBBBBBBBBBBBBBB^BBBBBBMIKJBBaiHiBMBBBBBBBBBBaBBBBBBBI 

BBBBBBBBBBBB.IHHHHlHBHHHHIilliiliBiiliieiiiSiie3ffiii3S£:SiiilSitSSSSi:SS£r»»n>H>Hnm^^ 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■! 

■■■■BMBM 


IBBBBBBBBBBBBBBMBBBBBBBBBBBBBBaBBBiBBBBBBB; 


BBBBBBBBBBj 
BBBBBBBBBBl 
iBBBaBBBBBBI 
I BBBBBBBBBBj 
IBBBBBBBBBal 


S BBBBBBBBBj 
BaBBBBBBBl 


iS5::::KssKiiij:ss:K::K::KK!;55:5:K:sKrs5®®55®555®®®55®®5a5sssss*»s5®55iiiiBBi--Bai-iiBBi-aBiiiiiisi-mii 

iBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBaBBBaai 

Ibbbbbbbbbbbbbbbbibbbbbbbbbbbbbbbbbbbbbbbbbbbi 

iBBBBBBBBBBBBBBBBIBBBBBBBBBBBBBBBBBBBBBBBBBBB 
iBBBBBBBBBBBBITaBBIBBBBBBBBBBBBBBaBBBaaBBBBBBBB 
lBBBBBBBBBBBIA:4BaBnBBBBBBBBBBBaBBBaaiBBBBBBBBB 
iBBBBBBBBaBBBBBBBIBBBiaBBBBBBBaBBBBBBBBBBBBBBB 

\mmmmmmmmmmwmmmmmmmmSmmmm 

iBBBBBBBBBBBi&BJBBIBBBBBBBBBBBBBBBBBlHiJ'BBBBBBB 
I BBBBBBBBBB BBBBBBIBBB BBBBBBBBBB BBBBUkai^:^B BBBB 
iBBBBBBBBBBBBBBBBIBBBBBBBBBBBBBBBBBBBBKS^rr^'lBBB 
lflBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBaBtr^;:<«B 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBL. 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE.....— — 
BBBBBBBBBBBBBBBBBBBBBBBBaBBBBiBBBBBBBBBBBBBBBBBBlBBBBBBBBBaBBBaBB, 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBaBBBBBBBaBBBBBBflBBBBBBBBBBBBBBBBl 
BBBBBBBBBaaBBBBBBBBaBBBBBBBBBaBBBBaBBBBBBBBaaBBBBBBBBBBBBBBBBBBBBi 

BBBBB BBBBBBBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBF 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBaBBBaaBBBBBBBaBBBBBBI 

»S88»b8»:s:sss:sb:bs:k;888BBb:8::s8b»888::! 

88888888888888888888888B88888888888888888888888888888i 


l 888888 ;a888S8888888888888888888888888888888888888888888888ak§gSLmB8888888888888888M88888a888 

l BBBBBBB BBBaBBBBB«BBaBBBBBBBBBBaBBBaBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBL-*‘J«<BBaaBBBBBBaMaBBBaaaaaaBBaBai 

aaaaaaaaaMaaaaaaaaaaaaagaaaaaagaaBaaaaaBaBBaaaBB g ^ agaagagaaggaaaBi 

laaaaaa aggiaaaaaaaaaaaaaaaaaaaaaBgaagaaaaBaagg aa g aaaaaiii igaBBiaB iiBBgBaagg 

iBaBBBBBBBBBBBraBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBaBaBBBBBBaBBiBBBB^r^r^BBBBBBBBBBBBBBBaBBBBI 
|BBaBBa8BBBBBBBBBBIBBBBBBBBBBBBBflBBBaBBBBBBB8888aBBB8BBB88aBBBBBBaBBBBBBBBBBBBiBBBBBBk:*HBBBBBBBBflBBBBBBBBBBB 
|BBBBBBBBBBBV;niBBBIBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBaBaBBBBBBBBBBBBBBBBBBBBB;»rCBBBBBBBBBBBBBBBBaai 
1BBBBBBBBBA;BJBB8iB88BBBBBBBB88aBBBBBBBBaBBaBBaaBBB88flBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB>rT'MBBaBBBBBBBBBaai 
BBBBBBBBBBBBBBBUBaBBBBBBBaBaBBBaaBBB88BBBBBBBBBBaBBBaBBBBBaBaBBBBBBBaBBBBBBaBBBBBBBir^»BBBBBBBBBBBBBBI 
.-JBBBBBflBBBBBBBBBBaflBBBBBBBBBBBBBBBBBaBBBBBBaBBaBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

|BBBBBBBBaBBBT.aBBnBBBBBBBB8BBBBBaBBanBaaBBBaBiBBBBBaBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBB8U8BBBBBBBBB8 


IBBBBBB 
IBBBBBB 
IBBBBBBBBBI 
IBBBBBBBBBI 
IBBBBBBBBBI 
jBBaaaBBBBi.. 

bbbbbbbbbbbI 

8 BBBBBBBBBBl 

'"wbbbbbbbI 

^-IBBBBBBBBI 
BBBBBBBBBBl 
BBBBBB88BBB| 


IBBBBBBBI 

!BBB8flBBI 


iBBBBBBBBBBBftXMBBBaBBBBBBBBBBBBBBflBBBBBaBBB BBBBBflBaBBaBflBaBBB8H8flBBBBBBBBBBBBBBBBBaflBBlBBBBBB8BaBBflBBI 

l9999i9i9i!9919iiili9iiiiiiiiiiiiHiiiliiHl iBflBBB08BBBBBBBaB88aBBBniBBBBBaBBBBBBBBBBBflgBBBBBBBBBBBI 


■BBBBB BBflBBBiBBBBBBBBaB88BBBBI 

ISIUlHMMjiraiiBiBiBiiBBBiii 

BBBBBBBI 

IB BB8BBBBBI 


B88BBBBBI 


iBBBBBBBBBBBBUBBBflBBBBBBBBBBBBBBBBBBBBBBBBB 

»8SS8S8SS8888aSS888Sa8SS8^^^ BBBBBBBBBBBBBniin»»BBBBB«i 

888888888888SSS88S8888888888888888888888888 8888888888888888888888888888888 


IBBBBBBI 

IBBBBBBI 


I99999! 



Figure A 7 -- Continued 



























(b) a = 25 deg. 

Figure A 8 Continued. 














(c) a = 30 deg. 


Figure A 8 Continued. 












(d) a = 35 deg. 

Figure A 8 Continued. 






(e) a = 40 deg. 

Figure A 8 Continued. 
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Figure A 8 Continued. 















(g) a = 60 deg. 


Figure A 8 Continued. 



(h) a = 70 deg. 


Figure AS.- Continued. 



iBUjai 


■■■■■■ 


■■■■■■ 
!■■■■] 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

IsaaarassismsHssmL 

E«S8Sn»iiaB8888S:8S»Sa 


■■isiSiSSIlBiSSiS^^ 

KSHiiiiiiiiHiBnHiaii 

~S888888888883888888888888888 


888r888888888S888888888888888 
l»M8888888388888888888888888 

liiiManSSSSSliSSHSSSSSSSBSISS^ 


aaaaaaBBBaaaaaa 

BBBflBBBBBBBBBBBl 


BBBBBBBBBB BBBBBI 
^BB 
BB 

iif"“ 

^»s 


mmmmmmmmm 

B888f*«®" 


BBBB 


IBBBBBBBBl 

IBBBBBBBB 


BBB 

m 


BB 


BBBBBBI 


HnUHESSHBaiL" 
: 8888888888888888.88888888888888888888888 
:8888888888888888”8B88888888888888888888 

BBBflflBBBBBBBflBflflB BBBBBBBBBBBBBBBBBBBBBBB 


iBBni 


BBBBBBI 

BBBBBBI 




ifflBdiB asisaBi! BjaaaaaaHBBaasaHBBsl 


nr 


BBBBBBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBI 


IBBBBBBBBBI 
IBBBBBBBBBL-. 
IBBBBBBBBBBBi 


BBBBBBBBBBBBBBBBBBBBI 


IBB 


BBBBBBBBBBBBBI 


BBBBIBBBBBBBBBB Banal 

8888888B8B8888888B! 


■iviap;! 


IBBBBBBBBBB BlIUlJBBBBI 
iBBBBBBnBBBBr 


IflBBBBBBBBHBBBBBBBBI 


BBBBI 

BBBBI 


BBBBBnBBBBBBBBBI 


inflBBBBBBBBBBBBBBBBBnBBBBBBBBBBBBBBBBBBBBBl 


88888888B88888888888888888888 

MSiBiBMB ■ 

■■HIBHHH IHIII 

gnasiaaiaasaiiaiBaa ama 


aamfflaHBiiBiHBBBBiiiaiiBiiaB aMi 

8888888888888888888888888888888888888888888888888888888888 

8H8888B88888B88JSS8n^ 


jsmm 

888H . 

BBBBBBBBl 

bbbbbbbbI 

bbbbbbbbI 

bbbbbbbbI 

BBBBBBBBI 

BBBfaBBBi 

ibbbbbbbbI 

flBBBBBBal 


(i) a ~ 80 deg. 


Figure A 8 Continued. 



(j) a = 90 deg. 


Figure A 8 Concluded. 
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(a) a = 20 deg. 


Figure A 9 Effect of rotation rate and rudder deflection on pitching-moment coefficient 
for the basic configuration with neutral elevator and ailerons 
at zero sideslip angle. 
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(b) a = 25 deg. 


Figure A 9 Continued 








(c) a = 30 deg. 


Figure A 9 Continued. 










(d) a = 35 deg. 


Figure A 9 Continued 
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(e) o = 40 deg. 


Figure A 9 •- Continued. 





(f) a = 50 deg. 

Figure A 9 Continued. 






Figure A 9 Continued. 
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Figure A 9 Continued 




(i) a = 80 deg. 


Figure A 9 Continued 









































( j ) a = 90 deg. 


Figure A 9 Concluded. 



















(b) a = 25 deg. 


Figure A 10 Continued. 











(c) a = 30 deg. 


Figure A 10 Continued 

























(d) a = 35 deg. 


Figure A 10 


Continued 
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(£) a = 50 deg. 


Figure A 10 Continued 









(g) a = 60 deg. 


Figure A 10 Continued. 
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(h) a = 70 deg. 


Figure A 10 Continued 









































(i) a = 80 deg. 


Figure A 10 Continued, 





























( j ) a = 90 deg. 

Figure A 10 Concluded. 
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(b) a = 25 deg. 


Figure A 11 


Continued 
























































































































































































































































(e) a = 40 deg. 

Figure A 11 Continued. 
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(f) a = 50 deg. 


Figure A 11 Continued. 
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(i) a = 80 deg. 


Figure A 11 Continued 




















( j ) a = 90 deg . 


Figure A 11 Concluded. 










































(a) a = 20 deg. 


Figure A 12 Effect of rotation rate and rudder deflection on axial-force coefficient 
for the basic configuration with neutral elevator and ailerons 
at zero sideslip angle. 









































(b) a = 25 deg. 


Figure A 12 Continued. 










(c) a = 30 deg. 

Figure A 12 Continued. 
































































(e) a - 40 deg. 


Figure A 12 Continued. 





































(f) a = 50 deg. 


Figure A 12 Continued 





























































(g) a = 60 deg. 


Figure A 12 Continued. 
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(i) a = 80 deg. 


Figure A 12 Continued. 

















































(a) a = 20 deg. 


Figure A 13 Effect of rotation rate and rudder deflection on yawing-moment coefficient 
for the basic configuration with neutral elevator and ailerons 
at +10 deg sideslip angle. 






















































































(b) a = 25 deg. 


Figure A 13 Continued 






































Figure A 13 Continued 










(d) a = 35 deg. 


Figure A 13 


Continued 
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(e) a = 40 deg. 


Figure A 13 Continued 



















(f) a = 50 deg. 


Figure A 13 


Continued 




















































































































(h) a = 70 deg. 


Figure A 13 Continued. 
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Figure A 13 Continued 
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Figure A 13 •- Concluded 


































(a) a = 20 deg. 

Figure A 14 Effect of rotation rate and rudder deflection on rolling-moment coefficient 
for the basic configuration with neutral elevator and ailerons 
at +10 deg sideslip angle. 
















Figure A 14 Continued. 















(c) a = 30 deg. 

Figure A 14 Continued. 




























































































































































(f) a = 50 deg. 


Figure A 14 Continued 






























































































(i) a = 80 deg. 

Figure A 14 Continued, 













































( j ) a = 90 deg . 


Figure A 14 


Concluded 
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(a) a = 20 deg. 


Figure A 15 Effect of rotation rate and rudder deflection on pitching-moment coefficient 
for the basic configuration with neutral elevator and ailerons 
at +10 deg sideslip angle. 






























liHH 


■HnnHBBnH ■■ 

— M— 

iB^Mnr 

■■nniii 


Ks.ssss»:sss:sa:ss 


- 

SBBSssasaaasuKsssBna: 


■■■■ 


— HHHnn 


assa 


mmmm ■■ 






■■■■■■■■■I 


■■■■■■ 


■■■■I 


BB«BS88Ba8a 


1888 


!888l 


Mil 

Ini 

iliiiiiiiiiiiiiiiiiiiiiBSSI 


l■■■■ii■■■■■■BIBi■8il 


BBS 8 


■■■■] 

Mill 


■■■■■BBBII 



iilii 


H 




JBMBBMBaMiiiiiiiMnBi 

■BMW—BBBBBBB BBBBI 
IflBHBBiiBmiBBfl filBI 


IBBBBBBBBBBBraBBBBfliBBB 
IBBBiBBBBBiBnBBBBB BBBBI 


BBBI 


M I H - H - 


!88i 


iBimBBflBBlB 

iB|BflBBBB||BBBnnBBBnBBB^ 
MBflBBBBiiBBBBBBBBBBii BBBB 
^BHBBB ^ 

IBBBBB 

BBBBBBBBBBIUBiniBBBBBl 

BBBBBBBBBBBBHIHMBBB 
B BBB BBBBBBB BBB 

BBB888SBBBBB88 

^BBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBB 
■■UpSB &■■■■ uMaa 


IBBBI 

__JBBBI 

IBBBBBBBBBBBBB 


BBBMBBBBaBBBBBBBBBBBBBBBBBBBBBBBBflB 
iniiBBBBBBBBBBBBBBBiBMBBBBBBBBBBBBB 
-IBBBBBBBBBBBBBBBBBBBBBBBBBBB 


lirjjflBBBBflBgBBfll 

MHIBSldililBillff' 


iBiii 


jbbbbbbbbBbbbbbbBbbb l^^ 

SBS8B88S8BB888B8BSSB88SSB8B888888^ 

w8flBBBBfl8BBBflBBBB8B88B8BBBB 

n888BS8888888888888888888 

IBBBBBBBiBBflBBiBBBBBiBBBBBBBB 


jmmxK 

mfih BT 


IMflinBB^riBBmBBPBBBliBI 


HBBBBBBBBBBBi 


rj:a:aiitBBft;B£Aiia'JtUIU2lUa^f^BBBBBflBBBBBBBBflflBflBBa 

'.VBflFWMPBPi!7.B«rr;i!!in'SlilBBBBBBBBBBBaBBBBBBBBBB 


Figure A 15 •- Continued 





























(c) a = 30 deg. 


Figure A 15 


Continued 
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(d) a = 35 deg. 


Figure A 15 Continued. 















(e) a = 40 deg. 

Figure A 15 Continued. 


















































































(h) a = 70 deg. 


Figure A 15 Continued. 























































































(a) a = 20 deg. 

Figure A 16 Effect of rotation rate and rudder deflection on normal— force coefficient 
for the basic configuration with neutral elevator and ailerons 
at +10 deg sideslip angle. 
















































































(c) a = 30 deg. 


Figure A 16 


Continued 










































































(d) a = 35 deg. 


Figure A 16 


Continued 



































































































































(g) a = 60 deg. 


Figure A 16 


Continued 
























































































































































































































(j) a = 90 deg. 

Figure A 16 Concluded. 
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(b) a = 25 deg. 

Figure A 17 Continued. 
















































































(d) a = 35 deg. 


Figure A 17 Continued. 
































Figure A 17 Continued. 

































































































































Figure A 17 Continued 







































(i) a = 80 deg. 

Figure A 17 Continued. 

























































































Figure A 18 


Effect of rotation rate and rudder deflection on axial-force coefficient 
for the basic configuration with neutral elevator and ailerons 
at +10 deg sideslip angle. 

























































































Figure A 18 Continued. 

















Figure A 18 •- Continued 






(e) a = 40 deg. 


Figure A 18 


Continued 
























































(f) a = 50 deg. 


Figure A 18 Continued. 


























































































(i) a = 80 deg. 


Figure A 18 


Continued 
















































( j ) a = 90 deg . 


Figure A 18 


Concluded 









































Figure A 19 Effect of rotation rate and aileron deflection on yawing-moment coefficient 
for the basic configuration with -10 deg elevator and -26 deg rudder 
at zero sideslip angle. 


















































































(c) a = 30 deg. 


Figure A 19 Continued. 














(d) a = 35 deg. 


Figure A 19 Continued. 



(e) a = 40 deg. 


Figure A 19 Continued. 



































Fi<>urr A 19 Continued 













Figure A 19 Continued 




















(i) a = 80 deg. 


Figure A 19 


Continued 























































































( j ) a = 90 deg . 


. Figure A 19 


Concluded 
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(a) a = : 

Figure A 20 Effect of rotation rate an( 
for the basic configuration 
at zero sideslip angle. 
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and -26 deg r 











































(b) a = 25 deg. 


Figure A 20 Continued. 





















































(c) a = 30 deg. 

Figure A 20 Continued. 




































(d) a = 35 deg. 


Figure A 20 


Continued 































































Figure A 20 Continued, 
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Figure A 20 Continued 












(g) a = 60 deg. 


Figure A 20 ,- Continued. 
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Figure A 20 Continued 

























Figure A 20 Continued 








































































(a) a = 20 deg. 

Figure A 21 Effect of rotation rate and aileron deflection on pitching-moment coefficient 
for the basic configuration with -10 deg elevator and -26 deg rudder 
at zero sideslip angle. 
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Figure A 21 Continued. 





















(c) a = 30 deg. 


Figure A 21 


Continued 
































































































(e) a = 40 deg. 


Figure A 21 


Continued 


























































(f) a = 50 deg. 


Figure A 21 


Continued 
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(g) a = 60 deg. 

Figure A 21 Continued. 











































































































(i) a = 80 deg. 


Figure A 21 •“ Continued, 
















































































(a) a = 20 deg. 


Figure A 22 Effect of rotation rate and aileron deflection on normal-force coefficient 
for the basic configuration with -10 deg elevator and —26 deg rudder 
at zero sideslip angle. 
































































(b) a = 25 deg. 


Figure A 22 


Continued 








































(c) a = 30 deg. 

Figure A 22 Continued. 






























(d) a = 35 deg. 


Figure A 22 Continued. 




















































(e) a = 40 deg. 


Figure A 22 Continued, 








































































(g) a = 60 deg. 


Figure A 22 


Continued 




















































































(i) a = 80 deg. 


Figure A 22 


Continued 




























( j ) a = 90 deg. 

Figure A 22 Concluded. 

















































































































































(b) a = 25 deg. 

Figure A 23 Continued. 
























































(c) a = 30 


Figure A 23 Continued. 
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(d) a = 35 deg. 

Figure A 23 Continued. 
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(f) a = 50 deg. 


Figure A 23 


Continued 
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(g) a = 60 deg. 


Figure A 23 


Continued 
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(h) a = 70 deg. 


Figure A 23 Continued. 
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(i) a = 80 deg. 


Figure A 23 Continued 




























(j ) a = 90 deg. 


Figure A 23 


Concluded 






































(a) a = 20 deg. 


Figure A 24 Effect of rotation rate and aileron deflection on axial— force coefficient 
for the basic configuration with -10 deg elevator and -26 deg rudder 
at zero sideslip angle. 



























































(b) a = 25 deg. 

Figure A 24 Continued. 
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Figure A 24 


Continued 








































(e) a = 40 deg. 


Figure A 24 


Continued 
































































































































































































(g) a = 60 deg. 


Figure A 24 


Continued 






















































(h) a = 70 deg. 


Figure A 24 


Continued 























































































(i) a = 80 deg. 

Figure A 24 Continued, 





























































( j ) a = 90 deg. 


Figure A 24 Concluded. 














(a) a = 20 deg. 


Figure A 25 Effect of rotation rate and aileron deflection on yawing-moment coefficient 
for the basic configuration with -10 deg elevator and -26 deg rudder 
at +10 deg sideslip angle. 
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(d) a = 35 deg. 


Figure A 25 


Continued 



































































(e) a = 40 deg. 


Figure A 25 Continued, 






















































































(h) a = 70 deg. 


Figure A 25 Continued 






















(i) a = 80 deg. 

Figure A 25 Continued, 
















































































































Figure A 25 


Concluded 
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Figure A 26 Effect of rotation rate and aileron deflection on rolling-moment coefficient 
for the basic configuration with -10 deg elevator and -26 deg rudder 
at +10 deg sideslip angle. 








(b) a = 25 deg. 

Figure A 26 Continued. 








































(c) a = 30 deg. 


Figure A 26 Continued. 















(d) a = 35 deg. 


Figure A 26 Continued, 
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(£) a = 50 deg. 


Figure A 26 Continued. 


















































(g) a = 60 deg. 


Figure A 26 Continued. 


























































(h) a = 70 deg. 

Figure A 26 Continued, 













































































( j ) ct = 90 deg . 


Figure A 26 


Concluded 









































(a) a = 20 deg. 


Figure A 27 Effect of rotation rate and aileron deflection on pitching-moment coefficient 
for. the basic configuration with -10 deg elevator and -26 deg rudder 
at +10 deg sideslip angle. 

































(b) a = 25 deg. 


Figure A 27 


Continued 
























































































(e) a = 40 deg. 


Figure A 27 Continued 







































Figure A 27 Continued 
















































(g) a = 60 deg. 


Figure A 27 


Continued 























































































































Figure A 27 Continued. 















(j) a = 90 deg. 

Figure A 27 Concluded. 



































Figure A 28 •“ Effect of rotation rate and aileron deflection on normal-force coefficient 
for the basic configuration with -10 deg elevator and -26 deg rudder 
at +10 deg sideslip angle. 























(b) a = 25 deg. 


Figure A 28 Continued 























































































































































































(e) a = 40 deg , 

Figure A 28 Continued. 





















(f) a = 50 deg. 


Figure A 28 


Continued 
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(g) a = 60 deg. 

Figure A 28 •- Continued. 
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Figure A 28 Continued 
























(i) a = 80 deg. 

Figure A 28 Continued. 
















(j) a = 90 deg. 

Figure A 28 Concluded. 

































































































iJJ+H+tiJilf! 


4 i|* 


■■nnnnnnii 


uni 


iBB88l88B 


1888888S 


■i+lr 


wmmmm nuu nan 8nui 
liBnjmggnm 

■B 8818 88 8B88881 

BunnilsBaffii 






±ttt 


«* 8888 « 


8 8888888888 jgjj 


■■■n 


!BlHanaa8BBi 


BBHBBI 


iiilBBI 


■■8IBI 


■88 HI 
■■881 




»■■ 

■■881 


8IP 


S 888 S 88 S 8 a| 8 l 8888 m 88 l 
g 8888 a 8 p 8 S 88888888 B 8 i 

■888IBBBEnUBBBM8BBUi ■■■■■■.__ 

BBBBBBBBB|nBBBB88BflflBBBBBBBi 
BBBBBBBBB EBBBiBBBBBBBBBBBBi 
iiBBBBBn BBBBBBBHUBBBBBBBBl 



IBBBBflflBl 


IB88BBBBBB BBBP^'i 


iiiiiiii 

IBBBBBB8 


Jlhcllfl-- 

IBBBBI 




-‘-rM'-’-H— 


HBaaMeaBJwgg g saiaaii BBimgaag tMiiii 

^jgggjjgngjgggggjp 


IBBBBI 


88888B 


4i- f H 




:G: 4 ^- 4 ^ - ttf 

^444-1 -i - i-t-f- iroji i -li i 


=hfrR 4 -H+|-f 



— 4 + 


8888! 


l4-m--U^4-LL 


(a) a = 20 deg. 

Figure A 29 Effect of rotation rate and aileron deflection on side— force coefficient 
for the basic configuration with -10 deg elevator and -26 deg rudder 
at +10 deg sideslip angle. 
























































































































































Figure A 29 


Continued 








































(e) a = 40 deg. 


Figure A 29 Continued, 




































































































































































(g) a = 60 deg. 


Figure A 29 Continued. 



































































































































































































































(c) a = 30 deg. 

Figure A 30 Continued. 
















































































(e) a = 40 deg. 


Figure A 30 Continued. 












(f) a = 50 deg. 


Figure A 30 


Continued 
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(i) a = 80 deg. 

Figure A 30 Continued. 
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